We sought to investigate the predictive value of the SYNTAX (Synergy Between PCI With Taxus and Cardiac Surgery) score (SS) for risk assessment of 1-year clinical outcomes in patients with non-ST-segment elevation acute coronary syndromes undergoing percutaneous coronary intervention (PCI).
Background
In the SYNTAX trial, the SS was effective in risk-stratifying patients with left main and triple-vessel coronary disease, the majority of whom had stable ischemic heart disease.
Methods
The SS was determined in 2,627 patients with non-ST-segment elevation acute coronary syndromes undergoing PCI in the angiographic substudy of the ACUITY (Acute Catheterization and Urgent Intervention Triage StrategY) trial. Patients were stratified according to tertiles of the SS: Ͻ7 (n ϭ 854), Ն7 and Ͻ13 (n ϭ 825), and Ն13 (n ϭ 948).
Results
Among patients in the first, second, and third SS tertiles, the 1-year rates of mortality were 1.5%, 1.6%, and 4.0%, respectively (p ϭ 0.0005); the cardiac mortality rates were 0.2%, 0.9%, and 2.7%, respectively (p Ͻ 0.0001); the myocardial infarction (MI) rates were 6.3%, 8.3%, and 12.9%, respectively (p Ͻ 0.0001); and the target vessel revascularization (TVR) rates were 7.4%, 7.0%, and 9.8%, respectively (p ϭ 0.02). By multivariable analysis, the SS was an independent predictor of 1-year death (hazard ratio [HR]: 1.04, 95% confidence interval [CI]: 1.01 to 1.07; p ϭ 0.005), cardiac death (HR: 1.06, 95% CI: 1.03 to 1.09; p ϭ 0.0002), MI (HR: 1.03, 95% CI: 1.02 to 1.05; p Ͻ 0.0001), and TVR (HR: 1.03, 95% CI: 1.02 to 1.05; p Ͻ 0.0001). The SS affected death, cardiac death, and MI both within the first 30 days after PCI and between 30 days and 1 year, whereas it affected TVR primarily within the first 30 days. The predictive value of an increased SS was consistent among multiple pre-specified subgroups.
Conclusions
In patients with non-ST-segment elevation acute coronary syndromes undergoing PCI, the SS is an independent predictor of the 1-year rates of death, cardiac death, MI, and TVR. Prospectively developed for the SYNTAX (Synergy Between PCI With Taxus and Cardiac Surgery) trial, the SYNTAX score (SS) is an angiographic scoring system to rank the complexity of the coronary anatomy (1) . The SS was not originally conceived as a method to predict outcomes related to anatomic characteristics (2) , but rather to allow a detailed and objective assessment of the coronary vasculature (3) . Subsequent reports have demonstrated that the SS may be an effective tool for predicting the risk of major ischemic events in patients undergoing percutaneous coronary intervention (PCI) with stable ischemic heart disease and multivessel or left main disease (3) (4) (5) (6) (7) (8) (9) (10) .
Patients with non-ST-segment elevation acute coronary syndromes (NSTEACS) may have significant morbidity and mortality, even with an early invasive management strategy. Prospective risk stratification is essential to estimate patient prognosis, to aid in clinical decision making, and to ensure quality control. Indeed, although clinical predictors of ischemic outcomes in patients with NSTEACS have been previously reported (11) (12) (13) (14) (15) , the role of angiographic variables is less well defined. In this context, no previous study has assessed the prognostic utility of the SS in patients with NSTEACS undergoing PCI. We therefore sought to investigate the impact of the SS on ischemic outcomes in patients with NSTEACS undergoing PCI from the multicenter, prospective randomized ACUITY (Acute Catheterization and Urgent Intervention Triage StrategY) trial.
Methods
Study protocol. The ACUITY trial design was previously reported in detail (16) . Briefly, the ACUITY trial was a multicenter, prospective, randomized trial of patients with moderate and high-risk NSTEACS who were managed with an early invasive strategy. Patients were randomly assigned before coronary angiography to heparin (unfractionated or low molecular weight) plus a glycoprotein IIb/IIIa inhibitor, bivalirudin plus a glycoprotein IIb/IIIa inhibitor, or bivalirudin monotherapy with provisional glycoprotein IIb/IIIa inhibitor use. Angiography was performed in all patients within 72 h of randomization. Depending on coronary anatomy, patients were then treated with PCI, coronary artery bypass graft (CABG) surgery, or medical therapy. In patients undergoing PCI, the choice of either bare metal or drug-eluting stents was per operator discretion. Dual antiplatelet therapy with aspirin and clopidogrel was strongly recommended for at least 1 year. All major adverse events were adjudicated by an independent clinical events committee blinded to treatment assignment. Objectives, patients, and angiographic analysis. The primary objective of the present analysis was to evaluate the impact of the SS on the risk of individual ischemic outcomes, including 1-year all-cause death, cardiac death, myocardial infarction (MI), and target vessel revascularization (TVR). We included only the subgroup of PCI patients in whom quantitative coronary angiography (17) was performed in the formal angiographic substudy of the ACUITY trial by experienced core angiographic laboratory technicians (Cardiovascular Research Foundation, New York, New York) blinded to treatment assignment and clinical outcomes. Because the SS score has been validated only for patients with native coronary artery disease, patients with a history of CABG were excluded.
For the present study, the SS for each angiogram was assessed by 3 experienced interventional cardiologists blinded to treatment assignment and clinical outcomes. Each lesion with Ն50% diameter stenosis in vessels Ն1.5 mm in diameter was scored using the SS algorithm fully described elsewhere (1) . The Fleiss kappa statistic (18) (tertile partitioning), determined for the 3 readers from 50 films read independently, was 0.57, signifying interobserver reproducibility comparable to that previously reported from the SYNTAX trial (19) . Statistical analysis. Continuous data are presented as mean Ϯ SD and were compared using the Student t test or the Mann-Whitney rank-sum test, as appropriate. Categorical variables were compared by the chi-square or the Fisher exact test. Patients were grouped into tertiles of SS. Oneyear outcomes were determined using Kaplan-Meier methodology and compared using the log-rank test. Receiveroperator characteristic (ROC) curves were also constructed to assess the predictive accuracy of the SS for 1-year all-cause mortality, cardiac mortality, MI, and TVR. The minimized absolute value of (sensitivity-specificity) was chosen as the optimal ROC cutoff point. Stepwise Cox multivariable regression analyses were performed to assess the association between the SS and 1-year all-cause mortality, cardiac mortality, MI, and TVR. The following variables were included in the models: SS (as a continuous variable), age, male sex, white blood cell count, hemoglobin levels, current cigarette smoking, diabetes, renal dysfunction, left ventricular ejection fraction (LVEF), baseline troponin elevation, ST-segment deviation, previous MI, previous PCI, and type of stent (drug-eluting vs. bare-metal stent). Landmark analyses of all-cause death, cardiac death, MI, and TVR were performed using Kaplan-Meier methodology in 2 periods of interest: from PCI to 30 days and from 31 days to 1 year. Statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, North Carolina). A p value Ͻ0.05 was considered statistically significant.
Results
Quantitative coronary angiography was performed in 6,921 patients enrolled in the ACUITY trial angiographic substudy, including 3,826 patients who underwent PCI. After excluding patients who had undergone previous CABG surgery (n ϭ 862) and those for whom the SS could not be calculated due to technical reasons (n ϭ 337), 2,627 patients remained for whom the SS was determined for the present analysis. The SS ranged from 0 to 59, with a mean of 11.5 Ϯ 8.4 and median of 9. Clinical and angiographic characteristics of patients stratified by SS tertiles are shown in Table 1 . Compared with patients in the lower tertile, those in the upper tertile were older and more likely to have diabetes mellitus, renal dysfunction, baseline troponin elevation, ST-segment deviation, higher Thrombolysis In Myocardial Infarction (TIMI) risk score, and lower LVEF. Patients in the upper tertile were also more likely to have longer lesions, bifurcation lesions, thrombus-containing lesions, and heavily calcified lesions than those in the lower 2 tertiles. There were no significant differences in discharge medication use of aspirin, clopidogrel, and ticlopidine across SS tertile. 1-year clinical outcomes. At 1-year follow-up, the rates of all-cause death, cardiac death, MI, and TVR in the overall cohort were 2.4%, 1.3%, 9.3%, and 8.1%, respectively. Clinical outcomes stratified according to SS tertiles are shown in Table 2 and in Figures 1A to 1D. Event rates were significantly higher in the upper tertile than in the intermediate or lower tertiles, whereas no significant difference existed between the intermediate and lower tertiles. As shown in Table 3 , after adjusting for possible confounders, the SS was an independent predictor of 1-year all-cause mortality (hazard ratio [ Table 4 , the optimal SS cutoff value ranged from 10 to 13 depending on the outcome considered. The 1-year rates of all-cause death, cardiac death, MI, and TVR were 4.0%, 2.7%, 12.9%, and 9.8% in patients with an SS Ն13, respectively, and 1.5%, 0.5%, 7.3%, and 7.2% in those with an SS Ͻ13 (for death, p Ͻ 0.0001; for cardiac death, p Ͻ 0.0001; for MI, p Ͻ 0.0001; for TVR, p ϭ 0.006).
Landmark analyses of clinical outcomes are shown in Figures 2A to 2D . The rates of death, cardiac death, and MI were increased in patients with a higher SS, both within the first 30 days after PCI and between 30 days and 1 year (Figs. 2A to 2C), whereas the rates of TVR were elevated in patients with a high SS principally within the first 30 days after PCI (Fig. 2D) . As shown in Figure 3 , the predictive value of an increased SS for cardiac death, MI, and TVR was consistent among multiple pre-specified subgroups, including the elderly and patients with a low LVEF, diabetes, renal dysfunction, and positive biomarkers. There was no significant interaction between the SS and each of these patient subgroups.
Discussion
The present study is the first to assess the SS for risk prediction of ischemic outcomes in patients with moderate-and high-risk NSTEACS undergoing PCI. The main findings of this study are the following. 1) The SS was strongly associated with adverse outcomes after PCI in NSTEACS; even after adjustment for clinical variables, the SS was an independent predictor of 1-year all-cause death, cardiac death, MI, and TVR. 2) Both the 30-day and 1-year rates of death, cardiac death, and MI were increased in patients with a high SS, whereas an increased SS was associated with an increased TVR, primarily within the first 30 days after PCI.
3) The predictive value of the SS was consistent across numerous subgroups of patients.
Several studies have identified clinical and laboratory variables that correlate with a poor prognosis in patients with NSTEACS. Advanced age (12) , clinical presentation (15), previous aspirin use (11) , electrocardiogram performed at hospital at admission (13) , and biochemical evidence of myocyte necrosis (14) have been consistently reported to be predictors of reduced survival in this population. The prognostic role of anatomic and angiographic variables has been less extensively studied and is unsettled. Recently, Lansky et al. (20) reported that baseline angiographic characteristics provide substantial incremental predictive value for 1-year ischemic outcomes in patients with NSTEACS treated with PCI, CABG surgery, or medical therapy (20) . In contrast, a recent study from the National Cardiovascular Data Registry reported that angiographic factors add little incremental predictive value for inhospital mortality after PCI (21) . The present large-scale study demonstrates that the SS is a powerful angiographic predictor in patients with NSTEACS undergoing PCI. The discrepant results between the National Cardiovascular Data Registry study and the present analysis may be explained by the fact that the National Cardiovascular Data Registry study appraised only individual angiographic variables, whereas the SS provides a broad integration of coronary lesion complexity and atherosclerotic burden. Angiographic factors may yield relatively little incremental prognostic value when considered individually, whereas they may provide major prognostic value when considered additively as an integrated score.
Before the present study, the SS had previously been associated with the occurrence of major ischemic events, mostly in stable patients with multivessel and left main coronary artery disease (3-7,9), but not specifically in patients with NSTEACS. Recently, the SS was found to independently predict major ischemic events and mortality in the all-comers population of the LEADERS (Limus Eluted from A Durable versus Erodable Stent Coating) trial (22) . Distinctive aspects of our study compared with its predecessors are the higher number of patients enrolled, with the ACUITY angiographic substudy representing the largest quantitative coronary angiography study to date in any setting; exclusive evaluation of NSTEACS patients undergoing PCI; appraisal of the SS in the prognosis of individual ischemic outcomes (rather than just composite 
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The SYNTAX Score in ACS ischemic events); and inclusion of patients with relatively lower SS values. Regarding the latter point, although in earlier studies, the mean SS ranged from 20 to 30 (3-7,9), in our study, the mean SS was 11. It is noteworthy that relatively low SS cutoff points in the present study (ranging from 10 to 13) possessed significant accuracy in predicting individual adverse ischemic outcomes. As a continuous variable, the SS was independently associated with 1-year all-cause death, cardiac death, MI, and TVR. Of note, only 60 patients (2.3%) undergoing PCI in the present study had an SS of Ն33, demonstrating the rarity of this practice outside of the SYNTAX trial. The rates of all-cause mortality, cardiac mortality, and MI were increased in the higher SS cohort both within the first 30 days after PCI and between 30 days and 1 year. The increased 30-day rates of death and MI in patients with high SS may be explained by the higher procedural risk associated with complex lesions. A high SS is also a marker for diffuse atherosclerosis, which likely contributed to the worsened late prognosis. Because the SS includes anatomic variables strongly associated with restenosis (including the number of lesions, bifurcations, ostial disease, and so on), we were surprised that higher SS were not associated with increased rates of TVR after 30 days. This observation is consistent with some (22) but not all (9,23) previous studies and thus requires additional investigation. Because in the ACUITY trial all revascularizations categorized as TVR were by definition unplanned, staged procedures had no impact on the 30-day rate of TVR. All studies, however, have consistently shown an increased rate of TVR within 30 days after PCI in patients with a high SS.
Current risk scores for NSTEACS are based only on clinical, biochemical, and/or electrocardiographic variables (11, 24) . The SS, in contrast, is a pure angiographic measure of anatomic coronary complexity. These considerations notwithstanding, the present study demonstrates that the SS is a powerful independent predictor of adverse ischemic outcomes during 1-year follow-up in patients with NSTEACS undergoing PCI, even after adjustment for clinical variables. The present study thus demonstrates that in addition to clinical variables, angiographic factors also are important for risk-stratifying NSTEACS patients undergoing PCI.
Along with the SS, advanced age, diabetes, and reduced LVEF were independent predictors of all-cause and cardiac death, and renal insufficiency was an additive independent correlate of MI and TVR. Thus, risk scores incorporating both clinical and angiographic variables may be more accurate than those including either alone. In 2 previous studies in different patient cohorts, the prognostic utility of the SS was improved by integrating it with the Euroscore (25) or a modified ACEF (age, creatinine, and ejection fraction) score (23) . Whether this holds true for patients with NSTEACS deserves further investigation. One advantage of the SS, however, is that it was created before the SYNTAX trial and then prospectively validated. The modified (post-hoc) clinical and angiographic risk scores require prospective validation and comparison with the SS before they are accepted into routine clinical practice. Study limitations. As a retrospective analysis from a prospective, randomized trial, the results should be considered hypothesis generating. Although we corrected for measured covariates in the multivariable model, unmeasured confounders may still persist. Choice of stent was not randomized in the ACUITY trial, and the patient cohort in the present analysis was drawn from the U.S.-based angiographic substudy in which a higher proportion of drug-eluting stents was used than in the entire ACUITY trial. However, multivariable adjustment for selection of drug-eluting stent versus bare metal stent use did not affect the results. A recent study suggested that incomplete revascularization may be associated with worse clinical outcomes in patients with multivessel disease and high SS undergoing PCI (26) . Data on completeness of revascularization were not systematically collected in the ACUITY trial, and therefore we could not evaluate the impact of this variable on 1-year outcomes. Patients who had undergone previous CABG surgery were not included because the SS algorithm was developed only for patients with native coronary artery disease. All total occlusions were scored as having unknown duration; many of these occlusions in the ACUITY trial were likely of short duration, leading to overestimation of the SS. The SS is calculated by visual lesion assessment, and therefore interobserver variability may affect its reproducibility (19) . Finally, whether these findings may be extended to NSTEACS patients treated conservatively or with CABG deserves further investigation.
Conclusions
In patients with moderate-and high-risk NSTEACS undergoing PCI after an early invasive management strategy, the SS is an independent predictor of 1-year mortality, cardiac mortality, MI, and TVR, even after correcting for clinical variables. As such, the SS may be a useful tool for risk stratification in this patient population. Landmark Analyses All-cause mortality (A), cardiac mortality (B), myocardial infarction (C), and target vessel revascularization (D) within 30 days from percutaneous coronary intervention and between 30 days and 1 year in patients with high versus low SYNTAX scores. The rates of death, cardiac death, and myocardial infarction were increased in patients with a higher SYNTAX score both within the first 30 days after the procedure and between 30 days and 1 year, whereas the rates of target vessel revascularizations were elevated in patients with a high SYNTAX score principally within the first 30 days after percutaneous coronary intervention.
